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v  & 

y  This  specification  dsfinss  optical  inspect  ion  methods 
which  directly  msasurs  distortion  in  transparencies., 


C  cr\'X 


Outlined  heroin  are  data  and  requirements  as  follows  * 


a<  Contributing  factors  affecting  distortion  and 
the  Banner  by  which  they  nay  be  used  or  com¬ 
pensated. 


Zb}  Determination  of  allowable  limits  of  distor¬ 
tion  and  where  to  use  those  limits. 


(ci  The  mechanism  and  tools  for  the  inspection 
methods.  c- 


FUNDAMENTAL  CONSIDERATIONS* 


APPEARANCE  OF  DISTORTION: 


When  riewlng  a  straight  line  through  a  transparency,  which 
distorts,  the  straight  line  can  be  distorted  in  one  or 
more  of  three  ways.  It  oan  be  stretched,  compressed,  or 
bent.  If  the  distortion  of  this  line  produces  stretching 
or  compressing  it  may  be  undetected,  but  if  it  produces 
bending  it  is  easily  detectable.  Similarly,  it  Is  the 
apparent  bending  of  straight  lines  which  causes  the  great¬ 
est  annoyance  to  pilots  and  is  the  clue  that  enables  the 
pilot  to  be  aware  of  the  associated  distortions  of  stretch¬ 
ing  and  compressing.  Also  the  magnitude  of  bending  indi¬ 
cates  the  relative  magnitude  of  stretching  and  compressing. 
With  these  facts  understood  It  can  be  determined  by  general 
agreement  of  pilots,  the  amount  of  distortion  permissible 
in  enclosure  transparencies.  The  measurement  of  this  de- 

{ree  of  bending  of  Straight  lines  by  distortion  will  estab- 
ish  definite  limits  for  the  inspection  method. 


It  can  be  seen  from  the  foregoing  that  it  is  necessary  to 
couple  distortion  the  pilot  observes  with  that  which  is 
measured  during  inspection. 


*  i}\  *"v  .  ’  \ 

fit  n  i*  i  ii.i  V— i  u.: 


ANALYSIS 
PREPARED  SY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 


SAN  01  ICO 


',!W3Wi 

l 


ft  PABE  i  -v  &<&*% 

nfrm,  *  8-0/30$/  ;?,* 
model  J  v  ^ 


repoMtho. 

MODEL 

DATt 


/  P 

•4 


FUNDAMENTAL  CONSIDERATIONS  (Cont) 


2.2.1 


2.2.2 


2.2.3 


EFFECT  OF  OBJECT  ATTITUDE: 

Another  point  for  consider  at  iont  is  the  attitude  of  the 
observed  straight  line  relative  to  the  transparency.  As 
previously  stated,  distortion  vhlch  stretches  or  com¬ 
presses,  can  be  present  and  still  be  undetected.  For 
example,  assume  the  horizon  is  being  viewed  through  an 
airplane  windshield  which  produces  distortion  and  the 
horizon  attitude  relative  to  the  windshield  is  horizontal. 

In  this  attitude,  also  assume  that  the  properties  of  this 
windshield  are  such  that  the  distortion  has  stretched  or 
compressed,  but  not  bent,  the  straight  line  of  the  horizon. 
The  distortion  will  then  remain  undetected.  -If  the  airplane 
is  banked  45*  the  attitude  of  the  horizon,  relative  to  the 
windshield,  changes  by  the  same  amount,  but  the  distortion 
now  bends  the  straight  line  of  the  horizon  making  the  dis¬ 
tortion  detectable. 


From  the  example  above  it  can  be  seen  that  a  transparency 
in  an  airplane  in  service  can  produce  distortion  which 
varies  with  the  relative  attitude  of  the  elements.  The 
distortion  can  become  undetectable  or  detectable  with  in¬ 
crements  of  only  45*  rotation  between  the  transparency  and 
the  viewed  object.  The  inspection  method  must  duplicate 
this  changing  attitude  in  order  to  find  the  distortion  which 
is  seen  and  detected  by  the  pilot.  See  Illustration  Fig¬ 
ure  I-A. 

Numerous  tests  have  substantiated  this  changing  distortion 
with  changing  attitude  between  transparency  and  viewed  ob¬ 
ject  and  Figure  I-B  shows  three  such  tests  in  which  a 
straight  line  was  rotated  through  180*  •  The  line  was  bent 
during4  this  rotation  and  the  degree  of  bending  was  measured 
and  plotted  on  a  graph  to  construct  the  curves.  The  maxi¬ 
mum  and  minimum  distortion  consistently  occur  with  45*  of 
rotation.  These  curves  also  show  distortion  peaking  at  two 
places  which  consistently  occur  with  approximately  9CP  of 
rotation.  One  distortion  peak  is  usually  greater. 
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FUNDAMENTAL  CONSIDERATIONS  (Cont)  [  - 


EFFECT  OF  TRANSPARENCY  POSITION l 

Ths  amount  of  distortion  assn,  when  ths  lint  of  sight  is 
90*  to  ths  transparency  is  no  mtasurt  of  ths  amount  which 
will  bt  txptrltnced  as  ths  lint  of  sight  btcomts  sons  other 
angle.  Transparencies  in  aircraft  are  almost  alvays  in¬ 
stalled  at  some  angle  other  than  normal  to  the  pilot's  line 
of  sight.  Usually,  as  this  angle  of  Incidence  becomes 
greater,  the  distortion  increases.  However  there  is  no  fac¬ 
tor  by  which  this  Increase  can  be  predicted.  In  some  in¬ 
stances  the  distortion  observed  was  greater  with  the  line 
of  sight  at  90*  to  the  transparency  than  at  an  angle  less 
than  90*.  The  Irregular  behavior  of  distortion,  relative 
to  the  angle  of  incidence  between  the  pilot's  line  of  sight 
and  the  transparency  surface,  makes  necessary  the  evaluation 
of  distortion  in  the  transparency  as  it  will  ultimately  be 
installed  in  the  aircraft.  The  inspection  methodamnst  ex¬ 
amine  the  transparency  in  the  same  relative  position  as  the 
one  in  which  it  vlll  be  installed. 

In  all  aircraft  enclosures  the  position  of  the  pilot's 
eye(s)  relative  to  the  transparencies  is  defined  and  it  is 
this  point  from  whloh  all  distortion  is  evaluated.  Lines 
of  sight  taken  from  any  position  other  than  the  pilot's  eye 
position  automatically  change  most  of  the  incidence  angles 
of  the  lines  of  sight.  Any  change  in  these  angles  results 
in  different  distortion.  The  location  of  the  pilot's  eyels) 
when  viewing  through  the  transparency  is  also  the  point 
which  must  be  used  in  the  inspection  mechanisms. 

EFFECT  OF  OBJECT  DISTANCE  AND  OBSERVER  DISTANCE  t 

The  magnitude  of  distortion  can  be  Increased  when  viewing 
an  object  through  a  transparency  by  Increasing  the  distance 
between  the  object  and  the  transparency.  With  an  object  at 
infinity  the  distortion  observed  will  be  at  its  greatest 
possible  amount  and  as  this  distance  (between  object  and 
transparency)  is  reduced  the  amount  of  distortion  will  also 
be  reduced  until  both  distance  and  distortion  approach  sero. 
In  order  to  verify  these  facts,  tests  were  made  to  determine 
the  variation  of  distortion  with  Increasing  object  distance 
from  the  transparency.  As  shown  in  Figure  2  a  fixed  dis¬ 
tance  between  transparency  and  viewing  point  was  selected  - 
And  the  --  dlstanoe  between  transparency  and  object  was 
varied.  At  definite  distances  the  amounts  of  distortion  ' 
were  measured  to  plot  a  curve.  The  six  curves  shown  in 
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FUNDAMENTAL  CONSIDERATIONS  (Cont) 

Figure  2  were  all  derived  by  viewing  through  the  same  area 
of  the  same  transparency.  Each  curve  shown  used  a  fixed 
distance  between  the  transparency  and  viewing  point.  The 
distance  is  indicated  on  each  curve. 

With  the  ability  to  predict  the  variation  of  distortion 
relative  to  the  distance  between  transparency  and  viewing 
point  and  the  distance  between  transparency  and  viewed 
object  It  is  possible  to  calculate  the  percentage  of  maxi¬ 
mum  distortion  that  will  be  present  with  any  fixed  com¬ 
bination  of  distances.  When  a  pilot  v^ews  a  straight 
horizontal  line  through  the  windshield  such  as  used  for 
the  curves  in  Figure  2,  with  his  eye  3  feet  from  the  wind¬ 
shield  and  the  line  7  feet  from  the  windshield,  the  straight 
line  appears  bent  3.44#.  See  Figure  2.  When  the  same  line 
is  moved  along  the  line  of  sight  to  an  infinite  distance, 
represented  by  the  horizon,  it  will  appear  bent  5.3d*  (See 
Figure  2,  3  feet  curve  at  10,000  feet).  The  5.38*  is  th® 
maximum  amount  of  distortion  because  the  horizon,  for  all 
practical  purposes,  is  an  infinite  distance  from  the  wind¬ 
shield.  ( 

REPLACEMENT  OF  VIEWED  OBJECT  WITH  OPTICAL  IMAGE*  C 

The  object  as  seen  through  a  transparency  by  the  pilot  can  C 
be  recreated  as  an  optical  image.  The  pilot's  point  of 
view  is  replaced  with  a  projector  and  from  an  actual  object 
within  the  Drolector  light  can  be  projected  through  the 
transparency  to  produce  an  optical  image  of  the  object. 

The  object  image  focused  at  infinity  will  show  the  same 
maximum  distortion  characteristics  that  are  experienced  by 
a  pilot  viewing  actual  objects  at  infinity.  Also  the  mag¬ 
nitude  of  distortion  shown  by  the  object  image  will  de¬ 
crease  as  the  distance  between  tho  transparency  and  the 
object  image  becomes  less.  Curves  in  Figure  3  show  the 
percentage  of  maximum  distortion  obtained  for  a  given 
distance  of  object  image  from  projector. 

INSPECTION  METHODS:  C 

INSPECTION  METHOD  I:  Inspection  Method  I  is  the  inspec-  C 
tlon  of  an  optical  image  of  an  object  as  seen  through  a 
transparency  and  observed  from  the  pilot's  point  of  view. 

INSPECTION  METHOD  II s  Inspection  Method  II  is  the  inspec-  C 
tion  of  the  object  image  projected  through  a  transparency 
from  the  pilot's  point  of  view  and  observed  on  the  actual 
object  side  of  the  transparency. 
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2.  FUNDAMENTAL  CONSIDERATIONS  (Cont) 

2.7  LIMITATIONS  1ET  BY  ACTUAL  EXPERIENCE* 

2.7.1  The  entire  extent  of  transparent  area  within  aircraft  pilot's 
enclosures  is  useful  and  due  to  the  maneuverability  of 
aircraft  certain  areas  become  optically  critical.  The 
maneuvers  of  final  approach  and  landing  an  airplane  generally 
require  the  same  area  of  visibility  through  the  transparency 
and  this  is  the  most  important  area.  This  is  the  critical 
vision  area  and  shall  produce  minimum  distortion.  This  will 
be  zone  "A".  A  slightly  leer  critical  vision  area,  but  also 
important,  is  the  viewing  area  required  for  taxing  and  gliding 
turns.  This  area  will  ba  zone  *B".  Non-critical  vision  areas 
are  those  involved  in  straight  climb,  cruising,  level  turns, 
take-off  runs,  and  straight  glide.  This  is  important  area 
outaide  "A"  and  "B"  and  this  will  be  sone  "CH.  The  remaining 
useful  area  for  general  viewing  is  ths  least  critloal  vision 
area  and  will  be  zone  *DB.* 

*  Taken  from  C.A.A.  Technical  Development  import  No.  123 
"Airline^Pllot"  Questionnaire  Study  on  Cockpit  Visibility 
Problems  • 

•  See  C.A.A.  Technical  Development  Report  No.  179  "A  Study  of 
Pilot's  Eye  Movements  During  Visual  Flight  Conditions"  for  a 
guide  in  zoning. 

2.7.2  The  following  table  has  been  established  from  the  opinions  of 
experienced  pilots.  The  pilots  wore  requested  to  look  through 
numerous  pieces  of  windshield  glass  used  in  the  Convoir 

340  commercial  airplana.  (Pilot  and  glass  located  eorreetly  with 
reepect  to  eye  point  and  angle  of  incidence).  Each  piece  was 
classified  by  the  pilots  as  either  objectional,  marginal,  or 
acceptable.  The  transparency  was  then  Inspected  by  the  method 
outlined  in  this  Specification,  and  values  for  the 
distortion  taglei  were  established.- 

This  table  is  representative  of  the  values  that  are  accurate  for 
any  transparency  from  the  pilot '3  point  of  view. 

Considerations  of  the  design  ar.ri  the  manufacturing  art  for  each 
different  transparency  configuration  must  be  taken  into  account 
beforo  maximum  distortion  angles  can  be  realistically 
established. 

*  This  criteriu  shall  be  established  for  each  transparency  con¬ 
figuration  and  celled  out  on  the  applicable  drawing. 
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Zone 

j  i 

Distortion  Anglo 
(At  Infinity) 

Zone  Definition 

Maneuvers 

S 

*  w 

A 

2« 

Area  of  Critical 
Vision  for  Dangerous 
Maneuvers 

Approach 

Landing, 

P 

4° 

% 

Area  of  Critical 
Vision  for  Maneuvers 
(Outside  Zone  k)  f 

• 

Taxym 

Gliding  Turns 

•  V 

C 

60 

Area  of  Kon-Critical 
,'|ioion  for  Maneuver r. 
(Outside  Zone  A  &  E) 

Straight  Glide  « 
Straight  Cllab 
.Cruising 

Level  Turns 

Take-Off  Run 

D 

8° 

Area  of  Non -Critical 
Vision 

General  Viewing 

Tho  distortion  angle  for  each  sons  above  must  be 
adjusted  for  the  inspection  apparatus  by  the  percentage 
of  maximum  distortion  obtained  In  Figure  3#  for 
Inopactlon  Method  {  and  Method  II, 

The  direction  of  sight  required  by  the  pilot,  for  the 
various  maneuvers  of  the  airplane,  can  bo  measured  in 
degrees  to  the  left,  right,  up  and  down,  For  all  tho 
comon  ctaneuvers  definite  zones  and  distortion  limits 
within  these  zones  for  the  transparencies  have  beon 
established.  By  drawing  the  geometry  of  lines 
of  sight  a  supplementary  drawing  of  any  particular 
transparency  can  bo  made  showing  the  are*  of  each 
zone,  Se*  wiguro  4*  This  drawing  car-  also  locate  the 
pilot’s  eyes  point  dimensionally.  The  supplementary 
drawing  serves  to  transfer  tho  zones  to  the  traroparoncy 
to  be  insneeted  and  also  correctly  positions  the 
transparency  relative  to  the  point  which  will  be  used 
in  the  inspection  mechanisms, 

CORK  LATIQl'  OF  ACTUAL  EXFSRIM’CS  ATI)  INSPECTION  METHOD  Ii 

Tho  lirr.it  sot  forth  b'  pilots  for  distortion  in  a 
transparency  is  essentially  the  distortion  they  have 
experienced  in  servic*. ,  These  limits  can  be  considered  as 
the  maximum. 


2.8 

2.8. 1 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


Ci  N ■,  V  A-J  j>,  ’  i.  .  pase8  ^  y  3 ; '  Stf 

i**4^«c a  #EPORTHO,  8-07303  - 


r  • 


Report  no  $.07303 
jHOOEW  / 


FUNDAMENTAL  COWIDESAITOfS  (Coat) 


shovn  by  tbs  curres  In  Figure  3*  To  explain  the  use  a f 
that*  curves  for  correlation,  via  tha  i&m  aat  of  con¬ 
ditions  as  in  exaaple  of  Paragraph  2.8.1,  Assuae  a  pro¬ 
ject  Ion  point  3  fast  froa  a  windshield  which  la  idantlaal 
to  tha  pilot’s  relationship  to  this  windshield  in  actual 
use.  The  recreated  object  (the  laage  froa  the  projector) 
will  be  focused  7  feet  distant  froa  the  windshield* 

Projection  paint  to  windshield  •  3  feet 

Object  laage  to  windshield  •  7  feet 

Total  Inspection  distance  •  10  feet 

Now  using  the  10  foet  eurwe  on  Pigure  3*  take  the  3  foot 
line  on*DI8TANCI  BETWEEN  VIEWING  POINT  (PROJECTION  POINT) 
AND  TRANSPARENCY"  scale  and  at  the  paint  of  interseotlen 
within  the  10  foot  cures  go  across  to,  the  "PERCENT  OP 
MAXIMUM  DISTORTION*  scale  and  read  6b  percent* 

In  this  exasplet  (Filet’s  Halt  taken  frost  table  an  pjtge  6) 

Pilot  llait  for  distortion  ■  d* 

Percent  of  aaxlaua  distortion  =  6b  percent  - 

0*  x  *6b  ■  5.12* 

The  inspector  shall  accept  a  windshield  showing  ne  greater 
distortion  than  5*12*  • 


3*1.1 


INSPECTION  MECHANISMS  t  C 

INSPECTION  METHOD  It  C; 

'  -4 

See  Pigure  5k  for  an  illustration  of  the  inspection  aeohan*  <?■ 

Isa  used  for  Inspection  Method  I* 

. 

This  aechanlsa  uses  a  lens  In  a  position  relative  to  the 
transparency  which  is  the  sans  as  the  relationship  between 
the  position  of  the  pilot’s  eye(s)  and  the  transparency* 
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HV8PHCTI0N  MBCHANI8N9  (Cent) 


An  illuminated  grid  it  visvsd  through  ths  transparency 
and  the  viewing  la  aoconpliahsd  using  ths  lsna.  Ths 
lsns  produest  an  lnage  of  ths  grid  on  a  froatsd  viev- 
plats  for  inspection* 

OR  ID  1 


This  la  a  trus  grid  using  straight  parallsl  lines*  Only 
parallel  lines  Instead  of  eross  grids  are  used  to  avoid 
confusion*  The  grid  oust  be  side  to  rotate  in  order  to 
reproduce  the  changing  attitude  between  the  transparency 
ana  the  viewed  object  In  servioe* 


the  viewed  object  In  service* 
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Ths  grid  It  a  translucent  mater ial  with  black  lines  and  is  e 
illuminated  from  the  back  side.  The  black  lines  should 
hare  a  uniform  spacing  and  the  grid  should  be  located  at 
tha  greatest  practical  distance  from  the  lens. 

Qrld  pise  80.0  inches  diameter  C 

Line  else  .03  Inches  vide 

Line  spacing  .50  inches 


Orld  to  lens  distance  90.00  inches  (7.5  feet) 
TRANSPARENCY  MOUNT: 


The  transparency  is  supported  in  a  fixture  that  holds  It  in 
a  position  duplicating  the  transparency's  actual  position 
in  an  airplane.  \ 

If,  when  inspecting  a  transparency,  it  is  not  possible  to 
cover  all  the  transparency  vlth  one  viewing,  the  trans¬ 
parency  can  be  moved  for  addltlorial  viewings.  The  move¬ 
ment  must  be  msdt  by  rotating  the  transparency  about  a  pivot 
point  on  the  inspection  machine  that  will  correspond  to  ths 
pilot's  head  rotation  relative  to  his  eyes. 

LENS  1  \ 

} 

A  lens  becomes  ths  Inspection  viewing  point  end  the  optical 
center  of  the  lens  is  at  the  single,  point  which  represents  . 
the  point  midway  between  the  pilot "s  eyes. 

The  lens  is  28.00  focal  length,  1:6.3  focal  ratio,  iris 
diaphram  to  1:64  focal  ratio,  field  of  view  53*  cone 
approximate  and  distortion  and  spherical  aberration  free. 

CORRELATION  PROCEDURE  FOR  INSPECTION  METHOD  I: 

In  order  to  correlate  the  maximum  distortion  in  a  trans¬ 
parency  with  the  distortion  inspected, , refer  to  Plgure  3,' 
Consideration  must  be  given  to  the  various  distances  between 
all  parts  of  the  transparency  and  the  inspection  machine 
point  which  represents  ths  pilot's  viewing  point. 


C 


C 


C 


1 


C, 

c 


EXAMPLE: 

Object  distance  to  point  representing  pilot's  viewing  point 
in  the  Inspection  mechanism  is  7*5  feet  and  for  the  maxi¬ 
mum  coverage  the  transparency  has  been  centered  on  the  op¬ 
tical  axis.  The  distance  along  the  optical  axis  from  the 
pilot  •  e  viewing  point  to  ths  transparency  is  2  feet  • 
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J 

Ths  distance  at  tha  nsarsit  point  it  1  foot  and  at  tha  Boat 
diatant  point  la  3  faat.  Referring  to  Figure  3„  three 
"percent  of  maximum  distortion"  values  using  tha  7.5  fast 
curve  are  obtains*. 


1  Pt.  viewing  pt.  to  transparency  ■  48  parcant 

2  Pt.  viewing  pt.  to  transparency  ■  57*5  parcant 

3  Pt.  slaving  pt.  to  tranaparancy  *  54  parcant 

.mt.?7g»su .  .?316 

3 


Avaraga  parcant  of  maximum  d  la  tort  Ion  ■  53*16  parcant. 

For  this  particular  tranaparancy  any  distortion  inspected 
can  be  considered  53*16  parcant  of  tha  maximum  amount  of 
distortion  visible  through  tha  tranaparancy  viewing  infi¬ 
nitely  diatant  objects. 

Tha  following  shows  tha  small  angle  differences  resulting 
from  using  the  avaraga  percentage  of  maximum  distortion 
with  this  transparency. 

Zona  "A"  is  from  1  foot  to  2  feat  from  tha  pilot's  viewing 
point. 

Zone  "A"  *  2*  maximum  permissible  distortion  angle 

1  ft.  viewing  point  to  transparency  «  48  percent 

2  ft.  viewing  point  to  transparency  *57.5  percent 

Percent  of  maximum  distortion  avaraga  ■  53*16  parcant 

2*x.48  ■  .96"  inspection  distortion  limit  for  1  ft. 
distance 


2"x.575  *  1.15*  inspection  distortion  limit  for  2  ft. 
distance 

2"x.53l6  *  1.06"  avaraga  inspection  distortion  limit  for 
this  transparency 


C 


.96H1.15*  *  1.05*  average  inspection  distortion  limit 

r'k  • 

for  sane  "A" 
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Zone  "B"  is  froa  2  feet  to  3  f««t  from  the  pilot  *8  viewing 
point.  . 

Zono  "B"  ■  4*  maximum  poraltfibl*  distortion  tug  It 

2  ft.  viewing  pt.  to  transparency  *  57*5  percent 

3  ft.  viewing  pt.  to  transparency  »  54  ptrcont 

Ptrctnt  of  aaxlmua  dlatortlon  average  ■  53*16  ptrcont 

4#x.575  *  2.3*  ln«poctlon  dlitortion  Halt  for  2  ft. 
diftanco 

4#x.54  »  2.16*  Inspection  distortion  limit  for  3  ft. 
distinct 

4*x.53l6  *  2.13*  tYirift  inspect  ion  distortion  limit 
for  this  transparency 

2.3M-2.16*  m  2.23*  average  distortion  limit  for  Zont  "B" 

2 

In  tht  above  cast  it  is  practical  to  averaft  tut  the  per¬ 
centage  of  maximum  distortion. 

INSPECTION  METHOD  II: 

Set  Figure  5-B  for  an  illustration  of  the  inspection 
mechanism  used  for  Inspection  Method  II. 

* 

This  mechanism  uses  a  projtf*  tor  in  a  position  relative  to 
the  transparency  Which  is  the  same  as  the  relationship 
betveen  the  position  of  the  pilot's  eye(s)  and  the  trans¬ 
parency.  An  image  of  a  grid  is  projected  through  the  trans¬ 
parency  on  to  a  transluscent  view  screen  for  inspection. 

GRID: 

Use  parallel  line  rotatable  grid.  See  Paragraph  4. 1.2.1. 

The  grid  is  on  a  photographic  transparency  with  clear  spaces 
and  black  lines.  The  lines  are  to  be  .032  vide  and  equally 
spaced  at  .30  to  .40  on  their  projected  image  focused  at 
100  inches  distance. 

TRANSPARENCY  MOUNTS 

Use  aotual  position.  See  Paragraph  4.1. 3. 1 
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3. 3.1.1 

3.3.2 

3. 3.2.1 


3.3.3 
3*3* 3*1 


INSPECTION  MECHANISMS  (Cont) 

When  additional  viewings  are  necessary  follow  directions 
in  Paragraph  4. 1.3. 2. 

GRID  PROJECTORS 

The  projector  position  in  the  inspection  machine  is  such 
that  the  optical  center  of  the  projection  leno  is  At  the 
single  point  which  represents  the  point  midway  between 
the  pilot's  eyes. 

The  projector  lens  is  3*00  focal  length,  1i4.5  focal  ratio , 
projection  cone  53*  approximate t  and  distortion  and  spheri¬ 
cal  aberration  free. 

Optical  Inspection  projector  envelope  Drawing  0-07004. 
Optical  inspection  projector  Drawing  0-07007. 

CORRELATION  PROCEDURE  FOR  INSPECTION  METHOD  II: 

a 

Use  Figure  3  and  directions  in  Paragraph  3.1. 5.1. 

See  example  of  procedure  in  Paragraphs  3*1* 5* 2  and  3* 1.5*3. 
For  Method  II  use  Figure  3  to  obtain  percentage  of  maximum 
distortion  values. 

TRANSPARENCY  INSPECTION  PROCEDURES* 

POSITIONING  TRANSPARENCY* 

By  following  the  previous  directions  the  transparency  is 
properly  situated  v?lthin  the  inspection  mechanism.  The 
following  describes  the  inspection  of  the  transparency. 

INSPECTING* 

From  the  inspector's  position  the  image  of  the  grid  can  be 
seen.  The  image  produced  is  the  result  of  light  which  has 
passed  through  the  transparency  and  any  departure  from  the 
normal  appearance  of  the  grid  lines  can  be  soen.  This  de¬ 
parture  is  distortion. 

GRID  ROTATION* 

At  first  sighting  distortion  may  or  may  not  be  apparent  and 
in  either  case  it  is  necessary  to  rotate  the  grid.  While 
the  grid  Rotates  the  image  must  continuously  be  observed. 

The  distortion,  if  created  by  the  transparency,  causes  the 
image  of  the  grid  lines  to  bend,  straighten,  bene,  and 
straighten  again  as  the  grid  Is  rotated  through  UO*.  The 
distortion  cycle.-  pointed  out  here,  repeats  with  continued 
rotation  and  the  point  of  rotation  where  distortion  produces 
the  maximum  bend  In  the  grid  lines  can  be  found. 
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INSPECTION  MECHANISMS.  (Cont ) 

DISTORTION  MEASUREMENT : 

Grid  rotation  it  ttoppod  where  maximum  lino  bonding  It 
found  and  it  is  bora  that  tho  bent  lino  it  measured. 

Examplo  of  moaturing  bont  linos  it  shown  in  Piguro  8. 

ZONE  MASKING: 

1  # 

Tho  sene  mask  piaeod  on  tho  transparency  can  bo  teen  on  tho 
view  screen  or  view  plate.  Vith  tho  maximum  limit  angle 
for  each  zone  on  tho  angle  gages  tho  inspector  can  compare 
tho  maximum  bent  lino  in  a  sons  with  tho  correct  g^go  for 
that  tone.  If  tho  bont  linos  (or  lino)  exceed  tho  angle  on 
the  gage  the  distortion  present  is  greater  than  tho  amount 
allowed.  Such  a  transparency  shall  bo  rejected. 


REQUIREMENTS  AND  TOOLS  FOR  INSPECTION: 

DRAWINGS: 

A  supplementary  drawing  of  the  transparency  to  be  inspected 
shall  be  provided.  This  drawing  locates  the  zones  on  the 
transparency,  locates  the  pilot's  viewing  point,  and  po¬ 
sitions  the  transparency  relative  to  the  pilot's  viewing 
point.  (Explained  in  the  discussion  pages  5  knd  61 


LIMITS: 


The  limits  of  distortion  for  each  zone  shall  be  known. 

(See  page  6) 

The  limits  of  distortion  shall  be  adjusted  to  the  distortion 
that  will  be  experienced  in  the  inspection  machine. 

Use  Figure  3  for  Inspection  Method  I  and 

for  Inspection  Method  II. 

ZONE  MASKS: 

A  set  of  zone  masks  for  locating  the  zone  areas  on  the 
transparency  shall  be  supplied  to  the  inspector.  The  set 
of  masks  is  designed  to  be  plaeed  on  the  transparency  so 
that  the  area  of  each  zone  will  be  defined  on  the  inspector 
view  screen  or  view  plate.  One  type  of  mask  is  suggested 
here  la  illustration  shown  in  Figure  6.  This  wire  frame 
type  mask  has  the  advantage  of  allowing  the  inspector  to 
observe  more  than  one  zone  at  a  time  and  also  permits  in¬ 
spection  of  distort ion  that  may  occur  across  zones. 
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REQUIREMENTS  AND  TOOLS  TOR  INSPECTION  (Cont) 


MEASURING  GAGE* 


A  sot  of  angle  measuring  gages  for  use  with  ths  son*  masks 
shall  bt  supplied  to  ths  lnspsetor.  Sss  Figurs  7  for  an 
Illustration  of  angle  gagas.  Ths  anglss  on  thsss  gagss 
shall  bs  ths  adjusts*  limit  anglss  allowed  for  each  sons. 
Sss  szampls  on  pages  6,  7*  and  8,  Paragraphs  2.8  and  2.9. 
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NOTESs 


GRID  ROTATION  CONTROL* 

It  is  Important  for  ths  inspector  to  have  control  of  ths 
grid  rotation.  The  rotation  action  should  bs  comparatively 
rapid  and  it  should  bs  possible  to  reverse  ths  rotation. 
Clockwise  and  counter-clockwise  action  and  quick  stopping 
results  in  positive  eenterlnf  on  the  exact  position  of 
maximum  line  bending. 


The  inspector  shall  have  control  of  an  iris  diaphram  in 
the  viewing  lens  of  Inspection  Method  I  and  in  the  pro¬ 
jection  lens  of  Inspection  Method  II.  It  sometimes  becomes 
necessary  to  increase  the  focal  depth  of  the  viewing  or 
projection  lens.  When  distortion  is  great  and  the  grid 
lines  are  severely  bent  they  have  a  tendency  to  become  wide. 
This  increased  width  can  be  restored  to  a  sharp  line  by 
regulating  the  diaphram. 
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PHOTOGRAPHS  * 


When  it  is  necessary  to  photograph  the  distortion  in  a  trans 
parency  it  can  bs  accomplished  directly  in  the  inspection 
machine.  First  visual  Inspection  shall  be  made  in  the  usual 
manner,  (see  Paragraph  3*3*  Transparency  Inspection),  to 
correctly  position  the  grid.  The  photograph  can  then  be 
taken  to  record  the  inspected  distortion. 
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5.3.1. l 


$  .3.1.2 


For  Inspection  Method  I  large  photographs  may  be  made  b y 
using  the  Inspection  machine  as  a  camera.  The  Inspection 
view  plate  can  be  replaced  with  a  photographic  plate  to 


produce  a  photograph.  Small  photographs  map  be  made  by 
replacing  the  inspection  viewing  lens  with  a  standard 


camera. 


For  Inspection  Method  II  a  standard  camera  may  be  used 
to  phonograph  the  grid  image  on  the  inspection  view  Screen. 
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/-PILOT'S  EYE  LOCATED 
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CUT  AWAY  VIEW  OF  INSPECTION  MACHINE 


FIGURE  5  A 
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-VIEW  SCREEN  FRAME 

/  —  IRIS  DIAPHRAM  CONfROL 
7  CONTROL  SWITCH  (GRID  ROTATION) 
-  OPTICAL  AXIS 

TRANSPARENCY 

SUPPORT  FIXTURE 


ROTATING  GRIO 
PROJECTOR 


see  pic.  i  ^ 
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SIDE  VIEW  OF  INSPECTION  MACHINE 


FIGURE  5-B 
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18.00  SQ.  APPROX. 
FOR  METHOD  II 
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8.00  SQ.  APPROX. 
FOR  METHOD  I 


ZONE  C  &  D  J 


ANGLE  GAGE 


FIGURE  7 
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MEASURING  WITH  AN  ANGLE  GAGE  .  - 

SHOWING  LINE  WITH  GREATEST  BEND 
MATCHING  ANGLE  ALLOWED  FOR  ZONE-D 
(ANGLES  EXAGGERATED) 


